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A SURVEY OF 30-DAY STAYTIME 

ORBITAL MISSIONS TO VENUS 

(1972 - 2000) 

By Gregory A. Zambo, Victor  R .  Bond, and E l l i s  W .  Henry 

1.0 SUMMARY 

A s tudy of 30-day s t a y  t ime o r b i t a l  missions t o  Venus between t h e  

Maximum b a s i c  va lues  f o r  a 
yea r s  1972 and 2000 w a s  r e c e n t l y  conducted. 
t h e s e  missions were found t o  be the fol lowing.  

AV depar t  Ear th  (262-n. m i .  a l t i t u d e )  = 1 2  550 f p s  

AV a r r i v e  Venus (200- by 20 000-n. m i .  a l t i t u d e )  = 5500 f p s  

AV depa r t  Venus (200- by 20 000-n. m i .  a l t i t u d e )  = 7150 fps  

Ear th  e n t r y  v e l o c i t y  (400 000-ft a l t i t u d e )  = 49 600 f p s  

The t o t a l  t r i p  t ime of t h e s e  missions v a r i e s  from 465 days t o  550 days, 
wi th  launch oppor tun i t i e s  approximately every 580 days. 

2.0 INTRODUCTION 

Double-Hohmann missions t o  Venus have low AV requirements ,  low 
e a r t h  e n t r y  v e l o c i t i e s ,  and 470-day s tay t imes ;  bu t  t h e i r  t o t a l  t r i p  
t imes  (TTT's )  vary  between 725 days and 900 days. 
o r b i t a l  missions (STOM'S) t o  Venus, as presented  i n  t h i s  i n t e r n a l  no te ,  
o f f e r  s i g n i f i c a n t  decreases  i n  TTT (TTT's  vary  between 465 and 550 days)  
a t  t h e  expense of i nc reases  i n  the  AV requirements  and e a r t h  e n t r y  

Thirty-day s tay t ime 

?No allowance for launch windows, g r a v i t y  l o s s e s  , midcourse 
c o r r e c t i o n s ,  e t c .  
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velocities. 
flight times, and AV's associated with each 30-day STOM from 1972 to 2000. 

The purpose of this note is to present the launch dates, 

3.0 SYMBOLS 

altitude 

radius of body (planet) 

magnitude of position vector 

magnitude of vm 
hyperbolic excess velocity (V-inf inity) vector 

angle (measured in the direction of motion 09 the ellipse) 
from periapsis vector and of the ellipse to Va, 

magnitude of velocity increment 

angle between periapsis and asymptote of a hyperbolic orbit 

angle between 7 and ymDv 
gravitational const ant 

mAV 

Subscripts 

AV arrive Venus 

DE depart Earth 

DV depart Venus 

71 per i aps is 

4.0 TRAJECTORY ANALYSIS 

Information about the missions discussed in this document were 

obtained from a massless planet analysisb that used minimum total AV 

a massless planet analysis, the vm is defined as the heliocentric 
transfer conic velocity vector minus the velocity vector of the planet. 
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as t h e  primary s e l e c t i o n  c r i t e r i o n .  

computed as a c o l l i n e a r  impulse from a 262-11. m i .  c i r c u l a r  o r b i t ,  whi le  
AV a t  Venus a r r i v a l  (AV ) was computed as a c o l l i n e a r  impulse i n t o  a 

AV 
200- by 20 000-n. m i .  a l t i t u d e  Venusian parking o r b i t  ( V P O ) .  The plane 
and o r i e n t a t i o n  of t h e  VPO were determined ( f i g .  1) by t h e  V-inf ini ty  

vec to r  a t  Venus a r r iva l  (TmAv) and the  V-inf ini ty  vector  a t  Venus depar- 

ture  (VmDv). 

a r r ival  at Venus, and t h e  V P O  was assumed t o  remain unperturbed during 
t h e  30-day staytime. From f i g u r e  1, it i s  seen t h a t ,  i n  gene ra l ,  

t h e  VPO and TmDv are not properly posi t ioned f o r  a c o l l i n e a r  VPO periap-  

s is  depa r tu re  burn. 

from d a t a  presented i n  f i g u r e  2 (which t a k e s  t h i s  improper pos i t i on ing  
i n t o  account) .  

The AV t o  depart  Ea r th  (AV,,) w a s  

- 
a 

Venus departure  was  constrained t o  occur 30 days af ter  

1 -1 

Therefore,  t h e  AV t o  depart  Venus (AV,,) w a s  obtained 

The amDV of f i g u r e  2 i s  found from 

- 
where 'l AV i s  given i n  f i g u r e  3 and 0 i s  t h e  angle  between 'mAV and - 
'mDV. 

The d a t a  of f i g u r e  4 i n d i c a t e  t h e  reason t h a t  a 20 000-n. m i .  apoap- 
s i s  a l t i t u d e  w a s  chosen f o r  t h e  V P O .  It i s  seen t h a t  much of the'AV 
reduc t ion  t o  be  gained from t h e  use of a l a r g e  apoapsis a l t i t u d e  a t  
Venus i s  p resen t  i n  an apoapsis a l t i t u d e  of 20 000-n. m i .  

He l iocen t r i c  views of t h e  1976 and 1978 Venus 30-day STOM's a r e  
presented i n  f i g u r e s  5 and 6 ,  r e spec t ive ly .  

5.0 RESULTS 

The r e s u l t s  of t h i s  study a r e  given i n  t a b l e s  I and 11. The launch 
d a t e s ,  f l i g h t  t imes,  and A V ' s  f o r  each opportuni ty  are presented i n  t a b l e  
I ,  and t h e  V-inf ini ty  vec to r s  f o r  each opportuni ty  a r e  presented i n  t a b l e  

J 

11. 
i t s  given launch opportuni ty .  

Each mission i s  t h e  minimum (o r  near minimum) t o t a l  AV mission f o r  
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6.0 CONCLUSIONS 

Because of t h e  AV requirements and t o t a l  t r i p  t imes of 30-day s tay-  
t ime o r b i t a l  missions t o  Venus from 1972 t o  2000, it i s  recommended t h a t  
t h e s e  missions b e  given s e r i o u s  cons ide ra t ion  as e a r l y  manned o r b i t a l  
expedi t ions  t o  t h e  p l ane t s .  
Mars o r b i t a l  missions,  t h e  t o t a l  AV requirement i s  a t  least  15 percent  
h igher  than  it i s  for t h e  30-day s tay t ime Venus o r b i t a l  missions 
presented  i n  t h i s  note .  

For any known c l a s s  of 30-day s tay t ime 

.‘ 
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NOTE: Earth to Venus 
transfer angle i s  
greater than 180" 

. 

* 
Figure 5.- A heliocentric view o f  the 1976 Venus 30-day staytime orbital mission. 
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NOTE: Earth to Venus 
transfer anqle 

Figure 6.- A heliocentric view of  the 1978 Venus 30-day  staytime orbital mission. 
U' 


